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ABSTRACT 

The Jurassic and Lower Cretaceous sediments of El Maghara 
area, North Sinai, contain up to twenty nine ironstone beds . 
These ironstones are intimately associated with a transitional 
environment of alternating paralic and shallow marine platform 
sediments, comprising marginal facies of the epicontinental 
Tethyan sea . They form marker horizons separating the 
enclosing sediments into different megacycles and contain 17 to 
42% iron . The ironstones are classified into the following 
types : 1) concretionary banded ironstone ; 2) massive goethitic 
and massive siderite-bearing ironstones ; 3) clayey ironstone ; 
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4) banded ironstone ; 5) laminated ironstone and 6) oolitic 
ironstone . The oolitic ironstone include friable and indurated 
types, the latter with quartz rich and quartz poor varieties . 
Goethite, pyrite, siderite, chamosite, glauconite and hematite are 
the main mineral constituents of the ironstones. The 
concretionary banded ironstones represent lateritic crusts 
overlying mottled mudstone or ferruginous shales, suggesting 
an interruption in the cyclic deposition of deltaic sediments . The 
composition, fabrics and oxidation of the iron minerals of the 
banded, laminated and massive ironstones indicate alternating 
reducing and oxidation conditions during the depositional and 
early diagenetic stages of fluvial successions. The oolitic 
ironstones suggest deggsition in shallow shelf lagoonal and 
mixed intertidal to shoal environments, with modification during 
the early diagenetic stages, under oxidation conditions . 

INTRODUCTION AND GEOLOGICAL SETTING 

The aim of this paper is to reach a better understanding of the nature of 
different ironstone deposits in the Jurassic and Lower Cretaceous sediments 
of Gebel El Maghara area, North Sinai (Fig. 1) . These ironstones form 
marker beds intercalated within the cyclic Jurassic and Lower Cretaceous 
sediments . They have been studied systematically both in the field and 
microscopically, using oriented thin and polished sections . 

The geology of El Maghara area (Fig. 1) has been intensively 
investigated by many researchers e.g., Hume et al. (1921) ; Farag 
(1942,1947,1959) ; Barakat (1956) ; Said and Barakat (1958) ; Al Far 
(1966) ; Goldberg et al. (1971) , Frankel (1975) and Jenkins et al. (1982) . 
The area, being part of the mobile region of Northern Sinai, was subjected to 
compressional forces which gave rise to folded and dome-like structures, as 
well as epi-anticlinal faults. These tectonic features belong to the surface and 
subsurface folds of Northern Sinai and Negev which pertain to the "Syrian 
Arc System", generated as a result of the differential north-ward movement of 
the central (the Sinai and Arabian subplates)'and the northwest African Plates, 
since Late Paleozoic (Neev, 1975, 1977) The area is covered mainly by 
sedimentary rocks of Jurassic and Cretaceous ages. The Jurassic rocks are 
known from the group of high hills of Gebel El Maghara and form the most 
complete and thickest Jurassic series in Egypt . The Cretaceous sediments 
crop out to the east and southeast of the dornai Jurassic rocks at Gebel 
Manzour and Gebel Maaza. NW-SE and NE-SW trending faults brought the 
Jurassic sediments against the Cretaceous rocks along Wadi El Muzaira and 
Wadi Mashabbah . 

The Jurassic successions illustrate, the transitional zone between outer 
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Jurassic section includes six successive fonfations (Al Fa" £S?'p 6 
oldest to youngest these am : Mashabbah (Late Si * - IL 2? £ /h^ 
(Late Tnasstc ? - Liassic), Shusha (Late Liassic) Bi'r ^Sh^Jff 
Ltassic-Late Bajocian), Safa (Bathonian) and MasaHd rSnn" 
Kimmendjian). The fluviomarine paralic sediment ^ <- Batho ™an - 
Mashabbah, Shusha and Safa fo^ ons « J? eSCntod by lhe 

thick, are widespread in the unexposed lowerSvel of ih^ Sh " P * lm 
The main marine transgressions arc disnlShl 1. ,r h " Sha Fomiati °n. 
Rajabiah, Bir El M^SXS^gSffl ^Z^T ° ^ 
ironstones, The present field observations denotMh^ , Ud ° S 00,ltic 
- subaerial erosions took place ^^^£^*r^ a '? d 

on he top of the Safa Formation and is dominate by s™ ? CCUn5 

cavities encrusted by thin veneer of t i- , Cale solutI °n 

surface, the transgressive cS^StSS? ^ 
paleokarst surfaces foim persistent marked ^which can t tracTdlZ' ^ 
lhe whole area of Gebcl FI iM-mtv.,-* r. n , DC lraced throughout 

, re no sfjis* r a L ,h °ri i e u,h r 

lower and middle honVnnc nf ih/. a^ik- /• ^ bivalent facies, the 
(1963), ^n£^^cS^^^^;.^ Adindani 
mterca atcd with continpniii r^n h,n 1. T 7 by nuv - ,ai sandstones 
Barakat et ah, 1986) P ° S ° IS 03 Barkook y. 1986 and 

The Cretaceous succession (ADtian-Alhifln^ r.f^'k»i 
in its lower and middle mr.* nn i , Gebel Manzour includes 

limestones a^i^^XnSrii^r i° f ^ Sediments ' °°Htic 

sediments ^S^Z^ZlT^ZT 

transg^on, whcre „ 0a , a|a »J» S'SS"" 

hinge-line and the TethvTs^ Thf ^ « t0 11161101111 by the active 
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CYCLIC SEDIMENTATION AND STRATIGRAPHIC 
DISTRIBUTION OF THE IRONSTONES 

The Jurassic and Lower Cretaceous sediments contain as many as 
twenty nine ironstone beds distributed throughout the studied sections . The 
ironstone layers form marker horizons, separating the intervening sediments 
into different megacycles. Each megacycle consists of successive rhythmic 
al temations of d if fcrent lithologic units. 

The fluviomarine Shusha Formation (Fig. 2) consists within its lower 
part of repeated coarsening-upward successions which can be assigned to 
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Fig. 2 : Lithostratigraphic columns of the Shusha and Safa formations. 
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delta cycle generated by gradual progradation of delta into shallow marine 
water. Each sequence begins with mudstone, fissile shale and ironstone 
passing .gradually into thin laminated siltstone and cross-bedded sandstone 
Ripple bedding, current ripples, burrowings and small scale graded bedding 
are common in more silty layers. Carbonaceous materials and pyritized plant 
remains are frequently distributed throughout these sequences, usually 
disseminated along the horizontal and cross bedding planes or occur as 
discontinuous oiin laminae confined to ripple troughs. Marine fossils are also 
present, generally restricted within some shale layers. These deltaic sequences 
are terminated by ironstone bed which succeeded by transgressive succession 
of alternating limestone and shale. The upper part of the section is built up of 
alternating sequences of deltaic and marine sediments with ironstone bands 
The ironstones divide these sediments into seven large scale stratigraphic 
cycles. They occur as separate beds or form banded, small scale cyclic units 
alternating with clastic sediments. The ironstone bands may be massive 
laminated or consist of coalescent concretions. ' 

The Safa Formation (Fig. 2) consists within its lower section of 
repeated fining-upward sequences of simple rhythmic alternations of 
sandstone and shale, suggesting fluvial succession, resulted from 
progradation of deltaic tidal flat sediments. The sandstones show tabular and 
trough cross-bedding, flaser and convolute bedding, load casts and 
burrowing. Thin laminae of coal, pyritized plant remains and pyrite specks 
are common. Transgressive marine sequence of simple rhythmites of shale 
and limestone constitutes the upper part of the section. The rhythmic 
alternations of the lower deltaic sequences are separated by ironstones into 
five cycles. These ironstone bands also have a rhythmic laminated character 

ihe marine Masajid Formation is divided into the lower Kehailia 

Sfnf 3 ? *! Uppe i ^° USiah Member 3 >- T** insists 
nar?/ l^T (bio-oo-petaicrites, sandy and chamositic in some 
parts) rhythmically alternated with sandstone and shale, suggesting 
formation in shallow shelf lagoonal environment in proximity of landmass 
The rhythmic alternations of this member are subdivided into three main 
cycles. The lower two cycles culminate in ironstone caps, whereas the 

M P ^w S ^ Cy paSSC& Up ±ick Atones of the Arousiah 
Member The ironstone caps are of ihythmic laminated or oolitic nature 

The lower Cretaceous section of Gebel Manzour consists essentially of 
mixed clastic and limestone beds of mixed intertidal to shoal environments, 
followed by sandy dolomitized and stylolitic limestone (Fig 3) The 
interiayeied limestones are thin to thick bedded, sandy, fossiliferous and 
mostly oolitic. Petrographically, they are oosparite, bio-oosparite and 
^ m parts sand y md alliaceous. These sediments contain 
marker beds of ironstone fades which separate the section into six distinctive 
sedimentary cycles, the ironstones contain ferruginous ooids or of clayey 
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Fig. 3 : Lithostratigraphic columns of the Masajid Formation and the Lower 
Cretaxeous sediments of Gebel Manzour. 



MEGASCOPIC AND MICROSCOPIC CHARACTERISTICS OF 

THE IRONSTONES 

The ironstones are classified into six main types according to their 
geological setting, fabrics, mineral composition and iron content : 
concretionary banded, massive, clayey, banded, laminated and oolitic. The 
iron content of these types ranges between 17 to 42% Fe (table 1) . 

Concretionary Banded Ironstones 

This ironstone type occurs in the middle part of the Shusha Formation. 
Individual beds include concretions, up to 1 1 cm in diameter and 35.7% Fe. 
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Table (I ) : Chemical analysis of different ironstone types. 
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disintegrated mudstone and shale . The concretions consist mainly of 
concentric laminae of goethite with or without muddy sediments, silty quartz 
trains and shell fragments. Smaller concretions or pisolites, up to 2 cm m 
diameter consist of very thin concentric laminae of reddish yellow to reddish 
brown goethite and hematite. Hematite occurs in $e central zone of the 
concretions as fine bladed crystals arranged perp#dicuiar to the growtn 
direction It is followed by concentric collofo'rm lagfinae of goethite together 
with muddy sediments (Fig. 4a). Most concrliions were affected by 
synsedimentary microfault structures. . f 



Massive Ironstones )% m 

Massive ironstones are recorded in M Shusha Formation and the 
Lower Cretaceous sediments of Gebel Manzour, where they reach up to 70cm 
in thickness. Both goethitic and siderite bearing glauconitic vaneties of 
massive ironstone are present. The goethitic massive ironstone (up to 42% 
Fe) is well represented in the Jurassic Shusha Formation, especially in the 
upper part. It consists mainly of silty quartz grains cemented by goethite 
together with Kaolinite (Fig. 6) A small amounts of oxidized spindle-shaped 
siderite grains (< 2 \i) and minute crystals and framboids of pynte (< 4 \i) are 
randomly disseminated in the goethite cement. The sidente-beanng 
glauconitic massive ironstone (up to 17.6% Fe) is developed in the Lower 
Cretaceous sediments, forming a continuous yellowish red and massive bea 
in the middle part of the section. It includes 40% angular quartz grains (silt to 
sand size), 10% dctrital glauconite and 3% fossil debris. These detntal 
materials are enclosed in a microsparitic calcite cement which includes 
kaolinite (Fig. 6) and altered siderite (47%). The glauconite pellets, up to 
500 |x in siz, form rounded or fragmented grains (Fig. 4b). The fossil aeons 
include algae, echinoid spines, foraminifera and pelecypod fragments. The 
algal fragments show remains of organic structures which are partially lined 
or completely filled with calcite, forming a bird's eye texture. Sidente forms 
spindle-shaped crystals, up to 50 \i in size , and is partially to completely 
altered to goethite and commonly cemented by the microsparite. 

Clayey Ironstone 

Clayey ironstones forms powdery red ochre alternating with green 
clays in the upper horizon of the Lower Cretaceous succession of Gebel 
Manzour. The ochre, up to 22.54% Fe, attains a thickness of about 30 cm 
and consists of earthy goethite and hematite with kaolinite. 

Banded Ironstones 

These ironstones are present in the Shusha Formation as several 
banded, red to dark brown layers intercalated with the clastic cyclic 
successions, especially near the base of the formation. Layers are up to 
40 cm and consist of rhythmic alternations of thin, dark, highly ferruginous 
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Fig. 4 

Polished section of iron concretion consisting of .concentric crusts of 
colloform hematite (hm) and goethite (g), concretionary banded 
ironstone, Shusha Formation. 

Thin section of the siderite bearing glauconitic ironstone, consisting of 
detrital glauconite (gl) and quartz (qz) cemented by siderite and 
microsparite, Lower Certaxeous sediments. 

A polished slab of the banded ironstones, consisting of highly (1) and 
less (2) ferruginous bands. Notice, the scour and fill structure on the 
upper suface of the dark band, Shusha formation. 

A polished slab of the laminated ironstone. The rhythmic laminae show 
convolute, slump and microfault sturctures, Safa Formation. 
Pseudonodule structure, introduced by the protrusion of muddy 
materials (1) into laminated ironstone (2), Safa Formation. 

Polished section of the rhythmic laminated ironstone of "abab" type, 
consisting of goethite laminae (1) and muddy laminae (2). Quartz grain 
(qz) exhibits loading structure in a goethite lamination, Safa Formation. 
Oxidized minute pyrite crystals and framboids, constituting the highly 
ferruginous laminae of the laminated ironstone, Safa Formation 
(Reflected Light). 

Polished section of the highly ferruginous laminae showing 
pseudomorphic goethite after siderite crystals (g), cemented by sparry 
calcite (cc), Safa Formation (Reflected Light), 

Polished section of the rhythmic ironstone of Vabcabd" type, 
showing gradation from iron-free laminae (1) to goethite-rich laminae 
(2) with quartz silt Safa Formation. 
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ana light, less ferruginous bands (Fig. 4c). These rhythmic ironstone bands 
exhibit well pronounced penecontemporancous deformational structures 
including : 1) scour and fill structures on the upper surfaces of the dark 
^ u- Pf " d °- nodular or ^11 and pillow-shaped masses of light sediment 
within highly ferruginous bands ; 3) wavy upper and lower surfaces which 
may have been produced by the action of turbulent currents ; and 4) fine cross 
tanon consisting of highly and less ferruginous laminae within certain 
layers. The rhythmic bands are commonly intersected by cross-cutting 
veinlets and fractures, filled by calcite . S 

Mn^ Mi S 0SCOP L CaU , y * the Iight bands contain terrigenous quartz sand 
(40%), carbonate bioclasts (35%) and subordinate carbonate ooids (5%) in a 
goethrte and calcite cement. The iron content of these bands reaches 14% 
The dark bands consist essentially of terrigenous quartz silt (up to 30%) in a 
matrix of goethrte and clay minerals (up to 70%). The iron content of these 
bands ranges between 31 to 39% Fe. The quartz grains are poorly sorted aid 
subangular to subrounded . They are usually surrounded by secondary 
authrgenrc quartz growth and coated by a micrite envelope. Minute fresh and 
oxKhzed pynte crystals are usually distributed in a circular alignment within 

ofT.STh' 1 " 3 ^ ° ver S rowlh u and m ™te envelope. The bioclasts consist 
of skeletal debris of bryozoa, echinoid spines, pelccypods and sastropods 
and may be filled or replaced by clusters of oxidized pyrite framboids The 
margins of the skeletal debris are usually lined and corroded by spindle 
shaped crystals of srderite. 3 y 



Laminated Ironstones 

This ironstone type is widely distributed in the middle part of the Safa 

thick also ts present in the upper part of the Kehailia Member Each 
ironstone layer rs formed of rhythmic laminae of variable iron content (up to 
37% Fe) which range from 0.5 mm to 5 mm in thickness. Two types of 
Rythmic lamination are present . The first is an "ab-ab" rhythmic type which 
resulted from repetition of light yellow (poor in iron) and dark brown to green 
amtnae (rrch m rron). The laminae commonly exhibit convolute slunfpTng 
and penecontemporaneous microfauldng (Fig.4d). The second tvne mn<kt« 
of alternating -abc-abc" laminae of differenf shaded JS yX, S dS 
brown, respectively. Laminae are gnrdational into each oto ThTuoSr 

Sved ^dT— ^ la " inae ° f the abC " abc «*» « 

?S nrV^ J / ammae K are alS ° Shrcdded int0 t5n y discontinuous flat 

enrps or curved polygons that are buried within the light laminae either 

randomly or as a semi-continuous horizon. Slump structure areako present 

sSi^ss? r;r r- Both w of ****** ^^^Z 

Cfin^Jf ^ bj ^ Pr ° trUSi0n ° f mudd y Sediments from ^ overlying 
layers into the laminae, forming pseudonodule structure (Fig 4e) 

with a e k lhy - thm,C IaminaC COnsist of cIa yey m«ddy sediment and quartz silt 
w l S ^ rdinate an ?? unt of bioclasts. The matrix includes oxidized ovn!e 
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rown laminae arc enriched mainly in gocihite after pyritc and siderite 
7 igs.4g and4h). In the abc-abc rhythmic type, the iron-free laminae pass 
radually to dark gocthitc-rich laminae (Fig. 4i). Biocl'asts are filled mostly 
'ith carbonates and iron oxides. Within the bioclasts, gocthite pseudomorphs 
yrite crystals, pyritc framboids and siderite or goethite masses devoid of any 
bvious internal structure. 

Oolitic Ironstones 

Oolitic ironstones are present in the Kehailia Member and throughout 
le Lower Cretaceous section of Gcbcl Manzour. They are generally friable, 
•ut become harder with increase in the calcareous component. 

The friable variety of oolitic ironstone (up to 27% Fe) occurs mainly in 
le middle of the Gebel Manzour section, where it forms two beds alternating 
/ith clays and argillaceous limestones . The lower and upper beds are up to 
5 cm and 1.35 m, respectively. They consist of loose, dark brown ooids 
ssociated with abundant quartz grains set in ferruginous clayey matrix. The 
oids average 0.5 mm in diameter, and are rounded to well rounded and well 
orted (Fig. 5a). Where flattened by compaction, they show sharp contacts 
/ith the matrix. The ooids consist mainly of massive goethite which usually 
ontains a quartz nucleus (Fig. 5b). The quartz grains are subrounded to well 
ounded, poorly sorted and range between 0.1 to 0.5 mm in diameter. The 
layey matrix consists of symmetrically alternating kaolinite rich dark brown 
o brownish yellow layers, up to 0.3 mm thick . 

The more indurated oolitic ironstones are yellow to reddish brown and 
nassive. They can be subdivided into quartz-rich and quartz-poor varieties. 
The former type is present in the upper part of the Gebel Manzour section, 
vherc it forms a stratiform layer about 35 cm thick and 20.44%*Fe. The rock 
s composed mainly of ooids and quartz grains cemented by carbonate 
ninerals (Fig. 5c). The quartz grains are poorly to moderately sorted, angular 
o subangtilaf-andr range in size from 0.1 to 0.4 mm. The margins of the 
luartz grains are selectively replaced and partially coated by goethite laminae. 
Complete coating of quartz grains by goethite forms grains similar to true 
)oids. The ooids are subrounded ,well to moderately sorted and moderately 
>ort$d and up to 0,5 mm in diameter. They have oval, flattened or rounded 
shapes; and consist mainly of concentric goethite laminae or alternating 
goethite and chamosite laminae (Fig. 6). These laminae commonly surround 
errigenous quartz grains, goethite pellets and carbonate particles (Fig. 5c) 
The carbonate cement consists mainly of sparite with or without rhombic 
zoned dolomite. 

The quartz poor indurated oolitic ironstones (up to 19% Fe) are 
recorded only in the lower parts of the Kehailia Member and in the Gebel 
Manzour section. Beds are up to 1 m in thickness, and consist mainly of 
ooids, pellets and bioclasts with minor amounts of quartz grains and rock 
fragments. These constituents are embedded in rnicrite matrix associated with 
chlorite (Figs.5d and 6), or cemented by sparry calcite (Fig. 5e). The pellets 
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Fig. 5 

a) Thin section of the friable oolitic ironstone, consisting of goethite 
ooids 

(g), embedded in clayey matrix, Cretaceous oolitic ironstone of Gebel 

Manzour (// Nicols). 

b) Rounded goethite ooids (g) developed around quartz nuclei (qz), in 
friable oolitic ironstone. Gebel Manzour (Reflected Light). 

c) Iron ooids and quartz grains (qz) cemented by calcite (cc) in quartz rich 
indurarted oolitic ironstone. The iron ooids consist of atlernating layers 
of "goethite (g) and chamosite (ch), Gebel Manzour (Reflected Light). 

d) Thin section of the quartz-poor indurated oolitic ironstone consisting of 
goethite (g) and micrite (m) ooids embedded in a micrite matrix, Gebel 
Manzour (// Nicols). 

e) Goethite (g) and carbonate (cc) ooids cemented by sparry calcite of 
fibrous (A) and blocky (B) forms, quartz-poor indurated oolitic 
ironstone, Gebel Manzour (// Nicols). 

f) Polished section of composite goethite ooids (g) surrounded by 
chamositic laminae (ch), in quartz-poor indurated oolitic ironstone, 
Kehailia Member. 

g) Well devloped concentric chamosite ooid, in quartz-poor indurated 
oolitic ironstone, Kehailia Member (// Nicols). 

i) Granoblastic calcite ooid in quartz-poor indurated oolitic ironstone, 

Kehailia Member (+ Nicols). 
j) Rounded ooid of goethite (g) and calcite (cc) with an outer 

rim of goethite (g), in quartz-poor indurated oolitic ironstone, Kehailia 

member (+ Nicols). 
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Fig, 6 : X-ray diffraction pattern (air dried) 

1= Goethite massive ironstone, Shusha Formation. 
* 2= Siderite bearing glauconitic massive ironstone, Lowet 
Cretaceous sediments, Gebel Manzour. 
3= Quartz-rich indurated oolitic ironstone, Lower Cretaceous 

sediments, Gebel Manzour. 
4ss Quartz-poor indurated oolitic ironstone, Kehaiiia Member. 
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are well rounded, well sorted and range in size from 0.02 to 0.2 mm. They 
are formed of iron oxides and lack internal structure. The skeletal debris are 
composed of echinoid spines and fragments of bryozoa, pelecypods and 
gastropods. Cavities within these fossils are partially or completely filled 
with massive goethite. The rock- fragments comprise compound ooids and 
deformed ferruginous mudstone and siltstone (Fig, 5f). The ooids are well 
rounded, moderately sorted and range in size from 0.1 to 0.8 mm. They 
consist essentially of goethite and chamosite and are subspherical, flattened 
and ellipsoidal in shape. Nuclei and lamination are similar to the ooids of the 
quartz-rich oolitic ironstones. The goethite ooids are usually coated by thin 
carbonate laminae . 

DIAGENETIC BEHAVIOUR OF THE IRON 
MINERALS IN THE IRONSTONES 

The rhythmic banded, rhythmic laminated, concretionary banded, and 
massive ironstone types are dominated by pyrite, sideritc and goethite with 
minor amounts of glauconite and hematite. By contrast, the oolitic ironstone 
types consist mainly of chamosite and goethite with rare pyrite and sidcrite. 

Iron-Minerals in the Non-Oolitic 
Ironstone Types 

Pyrite displays different morphologies which recently have been 
interpreted as depositionai and early diagenetic forms (El Manawi, 1986 and 
El Aref and El Manawi, 1988). Minute scattered pyrite crystals or clusters are 
depositionai products, whereas pyrite framboids in the form of individual 
grains or groups are early diagenetic. These two types of pyrite, with 
siderite, commonly occur within clay and silty matrix or fill fossil cavities. 
The framboids include the all ordered, unordered and infilled types of Love 
and Amstutz (1966). Marcasite and coarse-grained pyrite crystals (the late 
diagenetic pyrite forms of El Aref and El Manawi, 1988) have not been 
recognized in these ironstones. The pyrite grains are either fresh or 
completely altered to goelhite and lepidoerocite. 

Siderite is one of the main minerals of the ironstones, especially , the 
rhythmic banded and rhythmic laminated types and massive siderite-bearing 
glauconitic ironstone. The siderite generally forms rhombohedral or spindle- 
shaped crystals, usually altered to goelhite and cemented by sparry calcite 
(Fig. 4h). It previously has been considered either as a primary precipitate 
(Fairbridge, 1967 ; Curtis and Spears, 1968) or diagenetic (Talbot, 1974 and 
Goldbery, 1980). The cementation of altered siderite crystals by the main 
sparite cement indicates that they were formed during early diagenesis, but 
after formation of framboidal pyrite. 



The goethite is of both primary and secondary origin. Primary goethite 
is cryptocrystalline and forms nodules, earthy masses and concentric 
colloform layers. The earthy goethite forms the main constituents of the 
massive and clayey ironstones. Concentric colloform layers of goethite 
together with hamatite are the main constituents of the banded concretionary 
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grams and fossil debris. The secondary goethite was formed during the 
oxidation of the depositional pyrite (minute crystals) and early diagenetic 

P ^ C fra _ mb ? ids 311(1 siderite which form the main constituents of tte 
rhythmic banded and rhythmic laminated ironstones. 

Iron Minerals of the Oolitic Ironstone Types 

<™, h f The °°L dS ° f * CSe ironstones incl ude chamosite, chamosite-goethite 
goethite, goethite-micnte, and micrite varieties. The lattermost two typS 
occur m subordinate amounts. The ooids are either embedded in clayey and 
micntic matnx or cemented by calcite. y y 

van, in^ifT 5116 °? idS h f e 3 Wdl devel °Ped concentric structure, and 

S ^rS/nnT ^ t0 , d ,f k gfeen With yell0wish and brownish tints 
S2t . f P ^ lalIy 0r mm P l ^y oxidized to goethite, some of 

* k° ? by th, " caKite laminae - The chamositic ooids are gradually 
replaced by calcite and ,n places appear as ghosts in a calcareous matrix 
trig. 5h) ; all gradations between chamosite ooids and calcite ooids are 
present Replacement must have been from the outer surfaces of the 
chamosite ooids towards the center, leading to gradually obliteration of Z 
ongmal concentnc stmcturc. The ultimate stage of chamosite replacement 
formed a coarse granoblastic texture (Fig. 5i). The external «2S B 
preserved where it contains faint inclusions marking the original coSric 

S*^? h ? rclicts ? chamosite) - ResiduaI ~s 

within the replaced ooids are outlined by oxidized ferruginous material which 
nmy indicate partial oxidation of original chamosite during SSgSS 



The chamosite-goethite ooids are formed either of a chamosite core and 

Z££%£^ T« ° f ° f altCmating chamositeand gTthSe 
laminae (Fig. 5c). Oxidation processes may have altered some of the 

chamosite laminae to goethite, as suggested by the presence o??hamost 

The goethite ooids form individual (superficial or normaD and 
composite types. The superficial ooids are formed by depoS f a 
goclhitic crust around dctrital quartz grains ; the absence of a S Sng at 
grain contacts indicates a diagenetic origin (Tucker, 1981). MoTt norma 
goethite ooids have more than one concentric or eccentric lamiSn 
although, some grains have no internal fabric. The ooids are SmoS 
twisted and fractured forming a spastolithic texture ; fraaures are ffleJwi h 

n^ 1C,te - SpaSt ° li,hS are thou « ht to document effec?oSSo rate- 
Phase diagenetic compaction (Adelcye, 1973). The goethite ooids are 
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The miciite ooids consist of more than one concentric laminae around a 
quartz nucleus. Some of these laminae have a radial fabric. The micrite 
laminae are commonly recrystallized into coarse granoblastic calcite which 
contains faint inclusions marking the original concentric texture . 

The cement of these ooids includes two distinct generations. The early 
generation is represented by a thin fringe of fibrous calcite developed normal 
to the outer surfaces of the ooids. The late cement consists of clear sparry 
calcite which fills remaining pore spaces (Fig. 5e). These cements are similar 
to the early and late diagenetic cements of Fuchtbauer (1974) . 

DISCUSSIONS AND CONCLUSIONS 

The Egyptian ironstones of El Maghara area are intimately associated 
with a transitionafenvironment of alternating paralic and shallow marine 
platform sediments, comprising marginal facies of the epicontinental Tethyan 
sea at lower part of the northern Latitudes, during the Jurassic and Early 
Cretaceous. These sediments have been deposited in tectonically active basin 
situated along the northern unstable shelf of the Afro-Arabian craton, 
bounded to the east and south by the equivalent continental and latcritic 
sediments and to the north by active hinge-line and the Tethyan sea. The 
paleogeographic situation of the studied Jurassic ironstoncs,in relation with 
the evolution of the Tethyan rclam correlated closely with that of the well 
known Jurassic ironstones of the world e.g., the Minette ores of Luxemburg 
and Lorraine (Teysscn, 1984), the Westbury and Wiltshire ironstones of 
South England (Talbot, 1974) , Harz and Rheinishe Schirfergebirge, 
Northwest Germany (Bottke et al , 1969), which developed along the 
margins of epicontinental seas of the Tcthys (Van Houten, 1985) and also are 
associated with coal bearing sediments (Hallam, 1975 and 1984). The same 
paleogeogrphical and paleoenvironmental situation appears to be extended 
until the Aptian-Albian time, where the Lower Cretaceous ironstones of the 
study area developed, which can be correlated with the Aptian ironstones of 
Gdeidet Yabous and Naba Barada, Zebdani, Syria (El Dallal. 1975). 
Towards the southern part of Egypt, the Late Cretaceous (Turoman - 
Santonian) oolitic ironstones at the vicinity of Aswan down to the western 
shores of Lake Nasser are related to similar paleoenvironmental conditions, as 
they seem to be deposited in shallow marine to restricted paralic lagoonal 
environments with corresponding kaoiinitic and bauxitic latcrites in the 
hinterlands (Said et al., 1976 ; Bhattacharyya, 1980 ; Van Houten and 
Bhattacharyya, 1982 ; Klitzch, 1986 and German et al., 1987). This may 
reflect creation of such environments and basins suitable for ironstone 
formation at lower latiudes during the Late Cretaceous, as a result of the 
southward migration of the Tethyan margin, with contemporaneous 
development of laterites on the adjacent lands. 

The studied ironstones are confined within deltaic, shallow shelf 
lagoonal intertidal and shoal sediments, and include concretionary banded, 
massive, clayey, rhythmic banded, rhythmic laminated and oolitic types. 
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succesSn^r h T y ba " ded ironstone internets the coarsining upward 
f™fn °f deltaic sediments. It forms hard cap covering Lhlv 

fn^t g T„ S 3nd m0ttled substrata and ca " be correlated with the uSer 

accumularion S P T* ° f thC concreti °r>s can be attributed to the 

SK^tteiS l !2 1,, ^ ° f r" dUring thC proCeSSCS of denudation, 
flucmSn/ii? / P luy " Se 0f ses <l ui °x'"de rich soil solution under 
™ g gr0 , Und water - The composition and concentric fabric of the 
SS;? 3 ' chemica * Precipitation a.temaL S 

(S sLTc or roi dCka,C baS1 "' mainly 35 sus Pension or soluble form 
tookriac^ PvrLT P , ° rg /? ,C f0Tm) > where ^position and diagenesis 

SeStio? and°Sr * k d f ? mb ° idS accumulat ^ in beds or laminae in 
bcLw SeSi y b " 7 al StagCS under anaerobic conditions at and 

SS ? ^ Su, P hide deposition was followed by the 

sXSStc ' I" 16 ' ThC dUring ^ diagcncsis f <™ PyriteTo 

?S • CreaSC m lhe liability of sulfur (Curtis and Spears 

goeUiue aft? ' - ,eadmg t0 the formation of pseudomorphic 

b7 S ^v S y $!dCntC - Cem cntalion of the oxidized iron minerals 

Th.^r f - • g c "* 110 ^ were established near the surface 

ThSSLI^m^?^ 0011 ^ miXCd inteIlidal t0 shoal environments. 
scd^ rZl^ ° n ^ CtS Wlth lhc denying and underlying iron-poor 

5?3£ ^ffSSJ ESP"" ? be fonned in agita « waEs 

(Schcllmann 1Q«Q i g condltIon - where the clay winnowed out 
^SSl ^i l JS!' 1 Si y S H ° UtCn - 19 7 9 Van Houten and 
the site of form^i™ 2?h ' , X - hCy appear t0 have been washcd from 
S calcareousTurf * PW,ted ? leSS agitated shallow environment rich 
ooids anrf Z ^ '• ? 1>r f ence of calc areous micrite laminae within iron 

waters XSSS r accumulated in very shallow agitated 

calcite, oi^SSK^lS? 11 '"^ a " d CCmented by 
must have f n ™ J i „nl ^ ° m ade< 5 uate Period. The chamosite ooids 
must nave formed under reducing conditions (Huber and Carrels, 1953 ; 
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Gfgduot di«qpp«Ofanct of the original concentric^ 
chamo»Ht lamina* in the micrite matrix 




Depositional and diagenetic textural fabrics of the ooids 
the different oolitic ironstone types. 
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Chilingar, 1956 ; Hallam, 1966 ; Porrenga, 1967 and Curtis and Spears, 
1968). The concentric alternating goethite-chamosite laminae within the ooids 
suggest oscillating oxidizing and reducing conditions at the sea floor (Ailing, 
1947 ; Taylor , 1949 and Brookfield, 1971). The morphology and 
composition of the primary calcareous and iron ooids were subsequently 
affected by the following diagenetic modifications (Fig. 7) : 1) final oxidation 
of chamosite to goethitc, leading to obliteration of the concentric fabrics of the 
ooids ; 2) formation of superficial goethite ooids ; 3) replacement of 
chamosite by calcite ; 4) recrystallization of the micrite envelops and the 
internal micrite laminae into sparry calcite; 5) fragmentation of the goethite 
ooids and formation of spastoliths ; and 6) filling of the fractures wilhin the 
ooids by sparry calcite. The idea that the ooids of oolitic ironstones are the 
result of diagenetic replacement of pre-existing aragonite ooids by 
downward-percolating meteoric waters (Kimberley , 1979, 1980) cannot be 
accepted for the studied oolitic ironstones on the bases of the following : 
1) the composition and internal fabrics of the ooids and their diagenetic 
modifications and cementation by late calcite; 2) the sharp contact 
between these oolitic ironstones and the overlying and underlying shale, and 
3) the lack of evidences indicating leaching of iron from the sediments 
immediately above the ironstones or gradation from oolitic limestone to oolitic 
ironstone. The early formation of the ooids and the replacement of chamosite 
by calcite have been cited as evidences against the replacement model 
(Bradshaw et al, 1980 ; Hallam and Bradshaw, 1979 ; and James and Van 
Houten, 1979) . 
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